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BACKGROUND OF THE INVENTION 
Field of the Invention 

This invention relates to a vacuum refining unit wherein, by a vacuum 
pump connected via a suction line, a vacuum is created above a glass melt to be 
refined, and wherein a valve for supplying secondary air from the atmosphere for 
maintaining the pressure conditions in the vacuum unit constant branches off from the 
suction line. 

Description of Related Art 

Refining a glass melt, for example the removal of gas bubbles from the 
glass melt, is used to eliminate bubbles. In connection with small crucible melts, the 
rising of gas bubbles from the glass melt is accelerated by applying a vacuum above 
the glass melt. 

A vacuum refining unit of the type mentioned above is known from 
European Patent Reference EP 0 989 099 Al, wherein a vacuum pump and a valve 
branching off the suction line are connected with each other via a control circuit. In 
this case a reference value for the vacuum is preset via the valve, and the control 
circuit regulates the operating vacuum of the vacuum pump so that a vacuum, which 
corresponds to the preset or reference value, is maintained in the vacuum unit. 

This type of regulation of the vacuum in the vacuum refining unit has 
one disadvantage that occurring additional leaks in the vacuum unit and the associated 
line system cannot be removed by regulation, so that the regulation is more or less 
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accurate and does not result in an optimal refining of the glass melt. Also, the vacuum 
pump has fairly long reaction times, which results in a control process with long 
response times. 

SUMMARY OF THE INVENTION 

It is one object of this invention to create a vacuum refining unit, so that 
additional leaks occurring in the vacuum refining unit and its line system are removed 
by regulation, and the regulating process has small regulating time constants. 

This object is achieved according to this invention with an absolute 
pressure in the vacuum unit that can be detected by a pressure sensor. The vacuum 
pump is operated with an operating vacuum exceeding the maximum absolute 
pressure. As a function of the detected absolute pressure in the vacuum unit and a 
preset or reference value of the absolute pressure, the valve, designed as a control 
valve and branching off the suction line, regulates the absolute pressure in the vacuum 
unit to the preset or reference value by an appropriate supply of secondary air. The 
pressure differential between the absolute pressure in the vacuum unit and the 
atmospheric pressure can be detected by a pressure sensor. The vacuum pump is 
operated at an operating vacuum exceeding the maximum pressure differential and, 
as a function of the detected pressure differential and a preset or reference value for 
the pressure differential the valve, which is designed as a control valve and branches 
off the suction line, regulates the pressure differential to the preset or reference value 
by an appropriate supply of secondary air. The glass level in the vacuum unit can be 
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detected by a glass level sensor. The vacuum pump is operated at an operational 
vacuum associated with the maximum glass level. As a function of the detected glass 
level and a preset or reference value of the glass level, the valve, which is designed 
as a regulating valve and branches off the suction line, regulates the glass level to the 
preset or reference value by an appropriate addition of secondary air. 

The vacuum pump is operated so that the vacuum is sufficient for 
maximum operations. The vacuum pump is no longer regulated and always operates 
under the same operating conditions. The regulation is performed by the control 
valve, which has faster reactions. When regulating the glass level in the vacuum unit, 
the varying pressure as a result of hydrostatic pressure leads to a changing glass level, 
so that constant refining conditions are also achieved. 

The derivation of a control signal for the control valve is simplified in 
accordance with one embodiment because the detected absolute pressure, the pressure 
differential or the glass level can be supplied to a measuring transducer, whose 
electrical output signal is passed on to an electrical regulator of the control valve as 
the regulating signal. 

In accordance with a further embodiment of this invention, the vacuum 
refining unit can also be employed in connection with chemical or physical refining 
in order to further improve the refining effect. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

This invention is explained in detail in view of exemplary embodiments 
represented in the drawings, wherein: 

Fig. 1 is a basic diagram of a vacuum unit with regulation of an absolute 
pressure in a vacuum unit; 

Fig. 2 is a basic diagram of a vacuum unit with regulation of a pressure 
differential between an absolute pressure in a vacuum unit and a pressure of an 
outside atmosphere; and 

Fig. 3 is a basic diagram of a vacuum unit with regulation of a glass 
level in a vacuum unit. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

All exemplary embodiments have in common that a vacuum pump 20 
generates a vacuum above a glass melt in a vacuum unit 10, and the vacuum pump 20 
is in a fixed operating state, which is associated with a maximum reference value of 
a regulating device. 

During regulation of the absolute pressure in accordance with Fig. 1, a 
pressure sensor 1 1 monitors the absolute pressure in the vacuum unit 10. The output 
signal of the pressure sensor 1 1 is converted into an electrical measured value signal 
by means of a measuring transducer 12 and is supplied to an electrical regulator 13 
of a control device. The regulator 13 controls a control valve 15, for example, 
through which more or less secondary air can enter the vacuum circuit. The regulator 
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13 and the control valve 15 provide a controllable leak in the vacuum circuit. It is 
possible to fixedly preset a reference value of the desired absolute pressure in the 
vacuum unit 10 at the regulator 13. The leak is more and more reduced with an 
increasing absolute pressure, for example a reference value. The control valve 15 can 
block the inflow of secondary air at the maximum reference value, so that the vacuum 
pump 20 alone determines the absolute pressure in the vacuum unit 10. 

With the pressure differential regulation in accordance with Fig. 2, and 
as a variation of the embodiment in accordance with Fig. 1, only one pressure sensor 
11.1 is employed, which detects a pressure difference between the absolute pressure 
in the vacuum unit 10 and the pressure of the external atmosphere and which passes 
an electrical measured value signal, which corresponds to the detected pressure 
difference, via the measuring transducer 12 to the regulator 13, which presets a 
reference value for the pressure difference. The control valve 15 regulates the inflow 
of secondary air into the vacuum circuit accordingly, so that the preset reference value 
is reached. 

Finally, in the embodiment in accordance with Fig. 3, a glass level 
sensor 11.2 is employed, which detects the glass level in the vacuum unit 10 and 
provides the detected measured value signal to the regulator 13 via the measuring 
transducer 12. A reference value for the glass level is preset at the regulator 13, and 
the control valve 15 controls the inflow into the vacuum circuit so that a glass level, 
which corresponds to the preset reference value, is regulated in the vacuum unit 10. 
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The vacuum pump 20 operates at the operating conditions matched to maximum 
vacuum, and the controllable leak, provided by the control valve 15 with the regulator 
13, provides regulation to the set reference value of the glass level. 

The vacuum refining unit in accordance with Figs. 1 , 2 or 3 can be used 
as the sole device for refining a glass melt. However, it can also be employed in 
connection with chemical or physical refining. 
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